The effects of a brief delay in cord clamping on the neurobehaviour of late preterm infants are largely unknown. It is hypothesized that a brief delay in cord clamping will have beneficial effects on the neurobehavioural outcome of such neonates. Aim: To study the effect of brief delay in cord clamping on short-term neurobehavioural outcome of preterm neonates. Methods: All preterm neonates born between 34-36 weeks and 6 days were included and randomized into either a control or intervention group. In the control group, clamping was done within 20 s after delivery, and this was termed as immediate cord clamping (ICC). In the intervention group, delayed cord clamping (DCC) took place between 30 and 60 s. A total of 120 preterm neonates were enrolled. The primary outcome studied was short-term neurobehavioural outcome at 37 weeks after conceptional age using the Neurobehavioral Assessment of Preterm Infants (NAPI) score as the outcome measure. Results: NAPI scores at 37 weeks of corrected gestational age revealed a mean (95% confidence interval) score of motor development and vigour of 64.21627.31 (57.27 À 71.14) vs. 76.69625.29 (70.04-83.34), p¼ 0.01; and alertness and orientation of 29.31612.78 (26.06-32.55) vs. 42.77615.75 (38.63-46.91), p¼ 0.00 across the ICC vs. DCC groups, respectively. Conclusion: A brief delay of 30-60 s in cord clamping is beneficial in improving neurobehavioural outcome of late preterm infants. 
I N T R O D U C T I O N
The optimal timing of clamping of umbilical cord in preterm infants is a subject of debate and thus remains unclear. Physiological studies have shown that there is a transfer of additional 80-100 ml of blood over 1-3 min from the placenta [1, 2] .
The findings from a Cochrane systematic review [3] were that a brief delay in cord clamping of at least 30 s improves the stability of circulatory system during the first days of life, leading to a reduction in the number of fluid boluses given, less inotropic support, a decreased need for red cell transfusion and a V C The Author [2017] . Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com
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Journal of Tropical Pediatrics, 2017, 63, 418-424 doi: 10.1093/tropej/fmx004 Advance Access Publication Date: 15 February 2017 Original paper decreased incidence of intraventricular haemorrhage (IVH). In another meta-analysis, it was observed that a brief delay in cord clamping of nearly 40 s may have potential benefits in terms of long-term neurological and developmental outcome [4] .
The late preterm infants (born between 34-36 weeks and 6 days) are a cohort that may potentially be affected in the long term and have been described to suffer with poor school performance, behaviour problems, social difficulties, medical disabilities and mortality [5] Various tools have been used to assess the neurodevelopmental and neurobehavioural repertoire of infants, and one of these is Neurobehavioral Assessment of Preterm Infant (NAPI). NAPI scores in infancy have a positive correlation with Bayley Scales of Infant Development (BSID II) and Psychomotor Development Index (PDI) score at 12-36 months [6] . NAPI [7] [8] [9] [10] [11] [12] measures the progression of the neurobehavioural performance in preterm infants across seven domains from 32 weeks post-conceptional age (PCA) to term. NAPI is a finely discriminating tool and has been used in numerous clinical research studies by Brown [9] [10] [11] [12] [13] , Senn [10] [11] [12] [13] [14] , Ariagno [11] [12] [13] [14] [15] and Constantinou [12] [13] [14] [15] [16] . Thus, the NAPI scores have a potential to detect early deviations in the neurobehaviour of susceptible neonates. This led us to investigate whether a brief delay in cord clamping could improve neurobehavioural outcome in late preterm population.
A brief delay in cord clamping could have significant public health importance in resource-constrained settings [4] where anaemia, prematurity and associated morbidities act as a catalyst for adverse neurodevelopmental outcome. The effect of brief delay in cord clamping on short-term neurobehaviour of preterm infants has not been assessed to date, and as this has been identified by both the World Health Organization and the Cochrane Collaborative Reviews, this study aims to add to what is already known and add new information to the benefit of preterm infants.
M E T H O D S
Settings and subject A randomized control trial (RCT) was conducted in Neonatal Units, Department of Paediatrics and Department of Obstetrics and Gynaecology at Lady Hardinge Medical College, New Delhi from November 2011 to April 2013. The study included all preterm infants born between 34-36 weeks and 6 days gestational age as estimated by the last menstrual period or first-trimester ultrasound-guided scan, infants delivered vaginally or by caesarean section in cephalic presentation and who were a part of singleton pregnancy. Neonates with gross congenital anomaly, hydrops and Rhesus negative pregnancy were excluded. Parental consent was obtained before enrolment in the study.
It was hypothesized that a brief delay (>30 to <60 s) in cord clamping as compared with early cord clamping (<20 s) will lead to a better shortterm neurobehavioural outcome in preterm (34-36 weeks) neonates when assessed by NAPI at 37 weeks of PCA. The aim of the study was to evaluate the effect of brief delay in cord clamping on short-term neurobehavioural outcome of preterm neonates (34-36 weeks).
Randomization and allocation concealment
The randomization sequence was generated and implemented by an independent physician into a block size of six patients. Allocation concealment was done using sequentially labelled opaque sealed envelopes.
This was an open label study.
Interventions
All women undergoing preterm deliveries were screened for the inclusion/exclusion criteria. Neonates were enrolled into the study after informed consent. Randomization process into control or intervention group was carried out subsequently.
The neonates were randomly assigned to two study groups. In the control group, cord clamping was done within 20 s after delivery, and in the intervention group, cord clamping was done between 30 and 60 s.
The investigator began timing (with a stopwatch) immediately after delivery, and clearly announced the elapsed time at 5 s intervals. The obstetrician was asked to clamp within 19 s in the control group and within 59 s in the intervention group. The method of cord clamping was the same for each group-two clamps were placed around the cord with space in between where the cord was cut. The blood sample for haematocrit estimation was obtained from the placenta after the cord was clamped and cut.
Neurobehavioural assessment
At the time of enrolment (Day 1) and 37 weeks corrected gestational age, each patient underwent an assessment for the neurobehavioural status according to the NAPI score. Many of the components are a modification of items used in the Brazelton score. The NAPI is appropriate for infants between 32 weeks PCA and term. It assesses the relative maturity of functioning of preterm infants, with higher scores reflecting higher maturity, and can differentiate 2 weeks PCA. NAPI was scored by the research associate in the neonatal unit and entered on the record forms provided with the standard NAPI kit. The infant to be examined was placed under a servocontrolled radiant warmer. NAPI items were administered in an invariant sequence, and assessment was done for two clusters: motor development-vigour (MDV) and alertness-orientation (AO). Raw scores were subsequently converted into percentage scores to ensure comparability between items, combined and averaged into clusters. High cluster scores were indicative of more mature behaviour.
Primary outcome
Short-term neurobehavioural outcome at 37 weeks PCA was studied.
Sample Size Calculation For a power of 80% with an alpha error of 0.05 and an assumed improvement in mean NAPI score (MDV) in the intervention group of 20%, the estimated sample size of 53 in each limb was calculated. Assuming a lost-to-follow-up/dropout rate of 10%, 120 preterm neonates were enrolled.
All results were analysed using Windows SPSS software Version 19. For descriptive data, mean and SD were calculated, as the data were normally distributed. For comparison of means between different groups, unpaired Student's t-test was used. For comparison of proportions, v 2 test was used.
R E S U L T S Of 151 preterm neonates who were assessed for eligibility, 120 preterm neonates were randomized, of which 60 were allocated to early cord clamping group and 60 to the delayed cord clamping (DCC) group. The consort flow diagram is shown in Fig. 1 .
The baseline characteristics between the two study groups were comparable (Table 1) . NAPI scores in the domains MDV and AO at the time of enrolment were comparable, and no statistically significant difference was observed. The NAPI scores at follow-up 37 weeks PCA in both the domains of MDV and AO showed a statistically significant difference between the two groups (p ¼ 0.011 and p < 0.01, respectively). The DCC group neonates showed a higher NAPI scores in both MDV and AO when assessed at 37 weeks PCA (Table 2) .
D I S C U S S I O N
This study was carried out in late preterm infant population (34-36 weeks) who often present with long-term neurobehavioural problems. The details of study subjects have been depicted in the consort flow diagram (Fig. 1) . The NAPI scores in the domains MDV and AO at the time of enrolment were comparable, and no difference between the two groups was observed. The follow-up NAPI scores at 37 weeks PCA in domains of MDV and AO revealed a significantly better score in delayed clamped group as compared with early group. In MDV domain, the score was 64. 21 [3, 4, 13] , there is a paucity of scientific data on the role of this simple intervention on the short-term neurobehavioural outcome of late preterm neonates. Late preterms were specifically chosen for the study, as they comprised a subset of high-risk neonates who have significant neuromorbidity [14] .
The 2015 NRP guidelines [15] mention that cord clamping should be delayed for at least 30-60 s for most vigorous term and preterm newborns. The therapeutic implications of this early identification of deviant neurobehaviour would be immense in terms of instituting early intervention and rehabilitation for these affected neonates. Constantinou [16] conducted a study on 113 preterm infants who were assessed using NAPI at 36 weeks. These infants were later examined with Bayley Infant Neurodevelopmental Screener (BINS) at 12 months and BSID II at 18 and 30 months. The pre-discharge NAPI scores correlated well with 12, 18 and 30 months scores of BINS and BSID, respectively. Likewise, Bonnie et al. [6] used NAPI to predict outcomes at 12, 18 and 30 months corrected age. They found that infants who went on to receive a diagnosis of cerebral palsy had lower NAPI scores for AO at 36 weeks. These findings indicate that early neurobehavioural assessment should be routinely carried out in the assessment of sick preterm neonates with a view to identify deviations in neurobehavioural outcomes.
In the present study, the primary outcome was assessed by using the two subscales of MDV and AO in the NAPI score, as both the motor and the cognitive domains are effectively covered using these two subscales [16, 17] . NAPI was carried out twice, once on Day 1 of enrolment and subsequently at 37 weeks of PCA. The NAPI scores at follow-up at 37 weeks in both the domains of MDV and AO showed a significant difference between the two groups. A similar result has been shown in a study done by Mercer et al. [18] , where a brief delay in cord clamping was found to be associated with higher Bayley PDI scores for VLBW male infants at 7 months corrected age. Similar results have been obtained in full-term infants [19] . A brief delay in cord clamping leads to an increase in haemoglobin, haematocrit [20] [21] [22] [23] [24] , decreased IVH, improvement in systemic and cerebral haemoglobin transport [23] and a higher blood and red cell volume. This may provide protection against hypovolaemia, and resulting loss of autoregulation and ischaemic damage. These result in a reduced incidence of IVH and late onset of sepsis [25] . It was proposed that these effects may contribute to a better neurobehavioural outcome.
The results of the study support our hypothesis, and these findings indicate that a simple intervention like brief delay in cord clamping not only provides immediate benefits but also confers significant neurobehavioural maturity.
As the mean duration of cord clamping in our study group, which resulted in significant neurobehavioural advantage in the intervention group, was nearly 45 s, it is suggested that a brief delay in cord clamping may be used for babies with need for resuscitation. This can be done while simultaneously carrying out the initial steps of resuscitation by the side of the mother on a trolley with cord attached for placental transfusion. The safety and feasibility of such an intervention has already been demonstrated in a study by Thomas et al. [26] and Weeks [27] . There is a need for a larger well-designed trial to look at this issue in extremely preterm neonates who would benefit the most from placental transfusion.
L I M I T A T I O N S
The study had a limitation of being open label, as blinding of participants and the staff present at delivery to group allocation were not possible. It was conducted in a cohort of late preterm neonates, and it would have been interesting to note the outcomes of this intervention in extremely preterm neonates who are more susceptible to disabilities. A follow-up neurodevelopmental assessment at 12-18 months would have further substantiated the benefits of brief delay in cord clamping on early neurobehavioural outcome and indicated the duration of persistence of this advantage.
To conclude, a brief delay in cord clamping at birth is a simple intervention, which is beneficial in improving short-term neurobehavioural outcome of the late preterm neonates. Future double-blinded RCTs with a longer follow-up period of these infants with appropriate neurodevelopmental screening at 18 months of age are recommended. These findings assume great significance in resource-constrained settings where a simple cost-effective intervention like DCC at birth has the potential to provide intact neurodevelopmental outcomes in preterm neonates.
